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0 Multi-cavity injection moulding system. 



® The present invention refers to a hot runner 
manifold (6) means composed of two parallel hot 
runner plates (6a,6b) disposed in parallel, one be- 
hind the other, to feed at least two different plastic 



materials along horizontal hot runners (19,24) to in- 
jection nozzles (5) bolted to the front hot runner 
manifolds. 



CO 
CM 
CM 

O 
00 



CL 
III 




FIG.1 



Rank Xerox (UK) Business Services 



1 



EP 0 480 223 A1 



2 



The present invention refers to a multi-cavity 
injection moulding system, which is adapted to be 
used for producing injection moulded parts consist- 
ing of at least two different plastic materials. More 
specifically, the present invention refers to a multi- 
cavity injection molding system comprising a back 
plate arrangement, a hot runner manifold arrange- 
ment with a first hot runner manifold for a first 
plastic material and a second hot runner manifold 
for at least one other plastic material, and injection 
nozzles fixed to the hot runner manifold arrange- 
ment for feeding the plastic materials to the rel- 
evant cavities defined in a cavity plate. 

For many different cases of use, e.g. for plastic 
components used in motor vehicles, or as pack- 
aging material, or as shield means in electric or 
electronic devices, it is desirable to process a 
plurality of plastic materials of different kinds at the 
same time so as to obtain one plastic component; 
in these cases, a core layer will be embedded, and 
the plastic component will thus be provided with 
different material and/or surface properties and 
sandwichlike structures of materials will be ob- 
tained. For example, in the case of foodstuff pac- 
kings, which are made of plastic material and which 
are to be used as long-time packings for highly 
perishable foodstuff or for foodstuff which has to be 
handled under difficult climatic conditions, it is nec- 
essary to embed in the first plastic material, which 
essentially defines the packaging body, a barrier 
layer of oxygen-impervious plastic. For this pur- 
pose, it is known to carry out in one injection 
moulding cylce joint injection moulding of two plas- 
tic melts consisting of different plastic materials 
(coinjection moulding, sandwich moulding) (cf. 
"Modem Plastics", February 1990, pages 54 to 
56). 

In the case of multi-cavity hot runner systems, 
it is, however, difficult to master the injection 
moulding process from the point of view of tool 
technology, and these difficulties prevented major 
progresses in the use of this multi-cavity injection 
moulding process for a prolonged period of time. It 
is especially difficult to avoid, by making use of a 
suitable control regime, a mixing of the various 
plastic melts outside of the moulding cavity and to 
form defined core films within an injection moulded 
part in connection with a basic layer of plastic 
material and a cover layer of plastic material within 
very short cycle periods. 

It follows that hitherto known means for coin- 
jection moulding (including sequential moulding) of 
different plastic melts very often include compli- 
cated injection moulding systems and control 
means, which, due to their degree of complexity, 
are susceptible to breakdown and are expensive, 
and the results achieved with the aid of these 
means were not always satisfactory. 



For example, a multi-cavity injection moulding 
system for tri-injecting a plurality of thermoplastic 
materials to mould an article of multilayered struc- 
ture is known from US-PS 4 808 101. Said appara- 

5 tus includes a hot runner system comprising a first 
and second hot runner in a side by side arrange- 
ment resulting in a rheologically unbalanced flow of 
the different materials and a relatively complicated 
structure of the apparatus as, in this case, one of 

10 the three materials to be processed is fed from the 
side of the cavity of the apparatus while two melts 
are supplied from the backside as usual. 

Similarly, EP-A 378 138 referring to a mul- 
tilayer nozzle for an injection moulding system 

75 processing a plurality of different melts discloses a 
multi-cavity injection moulding apparatus wherein 
the different types of melts are supplied to the 
nozzles from opposite directions providing a lateral 
feeding of the nozzles. 

20 DE-A 35 19 921 discloses a cavity injection 

moulding apparatus comprising a valve gated noz- 
zle and a hot runner plate for feeding the two 
different types of melt to the nozzle wherein one 
plastic material is fed to the central melt bore 

25 receiving the valve pin while the other plastic ma- 
terial flows through a coaxial annular chamber to- 
wards the gate of the nozzle. 

Accordingly, it is an objective of the present 
invention to provide a multi-cavity injection mould- 

30 ing system adapted to produce multilayered pro- 
ducts from at least two different plastic materials 
and comprising a relatively uncomplicated struc- 
tural design while using, to a large extent, structural 
units which prove to be suited in the art of hot 

35 runner injection moulding systems enabling a 
rheologically balanced flow of different melts and a 
uniform temperature control of the melts through 
the apparatus. 

In order to perform the afore-indicated objec- 

40 five, according to the present invention, a multi- 
cavity injection moulding system is provided com- 
prising a backplate arrangement, a hot runner 
manifold arrangement with a first hot runner mani- 
fold for a first plastic material and a second hot 

45 runner manifold for at least one other plastic ma- 
terial and injection nozzles fixed to the hot runner 
manifold arrangement for feeding the plastic ma- 
terials to the relevant cavities defined in a cavity 
plate. More specifically, the present invention is 

so characterized in that, the hot runner manifold forms 
manifold plates disposed substantially parallel one 
behind the other between the cavity plate and 
backplate arrangement wherein the first hot runner 
manifold supporting the injection nozzles is dis- 
ss posed in front of the second hot runner manifold, 
wherein the central melt supply channel for the first 
plastic material extends from a central pouring 
opening at the rear side of the rear plate arrange- 
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ment through said backplate arrangement as well 
as through the second hot runner manifold towards 
the first hot runner manifold and is adapted to open 
therein in branched hot runners extending substan- 
tially horizontally therein and connecting to the 
related melt channel of each injection nozzle. 

Preferably, the two hot runner manifolds are 
arranged one on top of the other in a vertical 
direction and they have provided between them 
sealing sleeve disks which also permit a lateral 
relative movement of said two hot runner plates 
which may result from different degrees of thermal 
expunction. Each of said sealing sleeve disks defin- 
ing a section of axial bores which, in turn, are 
provided to lengthen the central melt bore of each 
injection nozzle rearwardly through the hot runner 
manifolds. 

The first plastic melt of the first plastic material 
is preferably conveyed from a central inlet area, 
which is located on the upper side of the backplate 
arrangement, through a melt-distributing passage 
downwards through said backplate arrangement, 
through an insulating sleeve and through the sec- 
ond, upper hot runner manifold, whereupon it flows 
through a sealing sleeve, which is provided be- 
tween the hot runner manifold, and into the lower, 
first hot runner manifold, a hot runner within this 
lower hot runner manifold, which is arranged on the 
side of the injection nozzles, being provided with 
inclined guide sections, which, for an associated 
injection nozzle, open into a recess, said recess 
being equally provided in an end face of the hot 
runner means, which supports the associated injec- 
tion nozzle, as well as in a rear surface of the 
injection nozzle, which abuts on the end face of the 
hot runner manifold, said recess provided in the 
rear surface of the injection nozzle communicating 
with first and second melt bores for the first plastic 
material, and said first and second melt bores 
extending each axially up to a point where they 
open into a melt reception space in the nozzle tip 
of the injection nozzle and being arranged such 
that they are radially displaced relative to the cen- 
tral melt bore. 

Preferably, the pouring opening for the second 
plastic material is disposed laterally on the second 
hot runner manifold which, in turn, is arranged to 
extend between the first hot runner manifold sup- 
porting the injection nozzles, and the backplate 
arrangement, said pouring opening communicates 
with branching hot runners extending substantially 
horizontally for connection with axial bores length- 
ening the central melt bore of each injection nozzle 
rearwardly. 

According to another preferred embodiment of 
a multi-cavity injection moulding system according 
to the present invention, which is used for joint 
injection moulding of several plastic melts consist- 



ing of different materials by controlling the melts as 
well as a respective gate leading to a moulding 
cavity, is obtained on the basis of the features that 
valve gating is provided, in the case of which a 

5 valve pin is received in the central melt bore of 
each injection nozzle, said valve pin being in con- 
tact with the gate of the associated moulding cavity 
in a moulding cavity plate, when it is in the closed 
state of a front end position, and said valve pin 

10 extending through the associated injection nozzle 
as well as through the first and second hot runner 
means for control in its longitudinal direction and 
having its rear end received in a fluid-controlled 
actuating means, which is, in turn, provided in the 

rs backplate arrangement. Said multi-cavity injection 
moulding system is provided with at least one first 
hot runner manifold for the first plastic material, 
which defines a reception means for the injection 
nozzles and the hot runners of which respectively 

20 communicate with a first melt passage used for the 
first plastic material, and radially displaced relative 
to the central melt bore of each injection nozzle. 
The multi-cavity injection moulding system addi- 
tionally comprises the second hot runner manifold, 

25 which is connected to the first hot runner manifold 
and designed to form a hot runner plate in parallel 
to the first plate-like hot runner manifold. The hot 
runners of the second manifold communicate with 
an axial bore lengthening the central melt bore of 

30 each injection nozzle and receiving the valve pin 
therein, and the valve pin actuating device being 
adapted to be actuated so as to control the valve 
pin of each injection nozzle such that it is moved to 
an intermediate position between a rear open end 

35 position and a front closing end position. 

In accordance with a specially preferred em- 
bodiment of the present invention, the rear end of 
each valve pin is received in a hydraulically con- 
trolled piston, which is sealingly arranged in a 

40 cylinder space of a first backplate, said cylinder 
space being adapted to be independently acted 
upon by hydraulic pressure at both sides of the 
piston. A second backplate, which is superimposed 
on said first backplate, seals the cylinder space of 

45 said first backplate and is also provided with a 
cylinder space, which is coaxial to the first-men- 
tioned cylinder space and which has slidably sup- 
ported therein a stop piston provided with a cylin- 
drical stop member projecting into the cylinder 

50 space of the first backplate and defining a means 
for limiting the stroke of the piston, which receives 
therein the rear end of the valve pin . In connection 
with independent, ideologically balanced, hydraulic 
control passages, which are delimited by an upper, 

55 third backplate, the stop piston is adapted to be 
controlled such that it is movable at least between 
a lower end position and an upper end position. 
Thus, according to another preferred embodi- 
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ment of the present invention adapted to introduce 
a third plastic material, the second hot runner 
manifold comprises a central sleeve communicat- 
ing with the central, first pouring opening by means 
of a first melt supply passage for the first plastic 
material and defining a passage sleeve for said first 
plastic material to convey same towards the first 
hot runner manifold. Moreover, said central sleeve 
inserted into the second hot runner manifold also 
serves as a distrubuting sleeve for the second and 
third plastic materials within the second hot runner 
manifold. The aforementioned embodiment specifi- 
cally is adapted to deposit the third plastic material 
as a film layer on the periphery of the second melt 
flow and this third plastic material is supplied onto 
the outflow of the second plastic material prefer- 
ably within a boundary area between said first and 
second hot runner manifolds. In this way, the third 
plastic material is preferably adapted to define an 
intermediate layer between the second plastic ma- 
terial forming a barrier layer in the finished mul- 
tilayered article and the first plastic material which 
forms the basic and cover layer material of the 
molded product. 

Preferably, the central sleeve is designed to 
distribute the second and third plastic materials to 
hot runners extending in substantially horizontal 
planes through the second hot runner manifold. 

An advantageous rheologically balanced mode 
of guiding the melt's in the area of the hot runner 
manifolds can be achieved on the basis ot the 
features that a second supply passage for the 
second plastic material extends preferably from the 
second pouring opening, which is arranged laterally 
on the second hot runner means, to the central 
sleeve, and a third supply passage for the third 
plastic material extends from a third inlet opening, 
which is arranged laterally on the second hot run- 
ner means, to the central sleeve, said second and 
third supply passages extending essentially hori- 
zontally and at an angle of approximately 90* 
relative to each other and each of said two supply 
passages including an angle of approximately 90* 
with said first supply passage in orthogonal vertical 
planes. This type of simplified structural design of 
the tool is supported by the feature that the central 
sleeve is preferably provided with first and second 
axial ly spaced circumferential recesses or annular 
grooves, which are used for connecting the second 
supply passage to the second melt-distributing 
passages of the second hot runner means and 
which are used for connecting the third supply 
passage to the third melt-distributing passages of 
the second hot runner means. 

With regard to the mode of conveying the 
various plastic materials through the hot runner 
system, a particularly advantageous structural de- 
sign of the injection moulding system is obtained 



on the basis of the features that the first central 
pouring opening for the first plastic material, which 
is provided on the upper back of the multi-cavity 
injection moulding system, communicates with the 

5 first supply passage, which extends through the 
central sleeve installed in the second hot runner 
manifold as well as through a sealing sleeve disc 
provided between said second and first hot runner 
manifolds and which opens into the hot runners of 

70 the first hot runner manifold located on the side of 
the injection nozzles. In this connection, the second 
pouring opening for the second plastic material is 
preferably formed laterally on the second hot run- 
ner manifold, and it is arranged such that it com- 

75 municates with the second hot runners of the sec- 
ond hot runner manifold for connect ion with the 
axial bore lengthening the central melt bore of each 
injection nozzle. The third pouring opening for the 
third plastic material is formed laterally on the 

20 second hot runner means, preferably such that it is 
displaced by 90* relative to the second pouring 
opening for the second plastic material and com- 
municates with third hot runners for the third plastic 
material for connection with a supply means feed- 

2$ ing the third plastic material into the axial bore 
separately from the second plastic material. 

The melt of the third plastic material can be 
applied in an advantageous manner to the melt of 
the second plastic material in the area of the axial 

30 bore on the basis of the features that the supply 
means comprises a sealing sleeve disc in the area 
of the axial bore between said first and second hot 
runner means, said sealing sleeve disc being pro- 
vided with an annular recess formed in the end 

35 face of the sealing sleeve, which produces a seal- 
ing effect with respect to the second hot runner 
means, and disposed in radially spaced relation- 
ship with the sealing sleeve central bore defining a 
section of the axial bore, said annular recess open- 

40 ing into said central bore via at least one gap 
opening. 

A compact arrangement of the injection noz- 
zles in combination with a balanced, rheological 
guidance of the melts in the associated hot runner 

45 means in equilibrium is achieved in an advanta- 
geous manner on the basis of the features that the 
recesses of neighbouring injection nozzles face 
each other and that inclined guide sections, which 
branch off central melt distributing passages in said 

so first hot runner means, connect essentially sym- 
metrically a respective melt-distributing passage to 
oppositely disposed recesses of neighbouring in- 
jection nozzles. 

A high heating capacity, which is adapted to be 

55 controlled with little delay, can be provided in an 
advantageous manner directly in the front end por- 
tion of each injection nozzle by providing the fea- 
ture that at least part of a heating means is ar- 
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ranged in the nozzle tip of each injection nozzle, 
said heating means surrounding an opening of the 
central melt passage. 

Additional preferred embodiments of the sub- 
ject matter of the present invention are explained in 
the remaining subclaims. 

In the following, the present invention will be 
explained in detail on the basis of two embodi- 
ments and associated drawings, in which 

Fig. 1 shows a fragmentary front 

view of a multi-cavity injection 
moulding system (partially in 
a sectional view) for injection 
moulding two different plastic 
materials according to one 
embodiment of the present in- 
vention, 

Fig. 2 shows a side view, partially in 

a sectional view, according to 
Fig. 1. 

Figs. 3a to 3e show a sectional view of the 
multi-cavity injection moulding 
system according to Fig. 1 in 
the area of an injection nozzle 
in a schematic representation 
for explaining the individual 
phases of an injection mould- 
ing cycle for injection mould- 
ing of two plastic materials, 

Fig. 4 shows a top view of a multi- 

cavity injection moulding sys- 
tem according to a second 
embodiment of the present in- 
vention, . 

. Fig. 5 shows a fragmentary front 

view, similar to Fig. 1, of the 
injection moulding system 
(partially in a sectional view) 
according to Fig. 4, 

Fig. 6 shows a sectional view, similar 

to Fig. 2, essentially along the 
line B-B in Fig. 4, 

Fig. 7 shows a schematic sectional 

view along the line A-A ac- 
cording to Fig. 4, 

Figs. 8a to 8e show a sectional view (detail), 
similar to Figs. 3a to 3e of the 
injection moulding system ac- 
cording to Fig. 4 in the area of 
an injection nozzle in a sche- 
matic representation for ex- 
plaining the individual phases 
of an injection moulding cycle 
for the injection moulding pro- 
cess of three plastic materials, 
and 

Fig. 9 shows a nozzle tip of an injec- 

tion nozzle according to Fig. 5 



schematically and in an en- 
larged representation. 
The fundamental structural design of a first 
embodiment of a multi-cavity injection moulding 

5 system according to the present invention adapted 
to inject two types of plastic materials is first ex- 
plained on the basis of Figs. 1 and 2. These figures 
show schematically, in a front view and in a side 
view, an injection moulding system for carrying out 

io simultaneous injection moulding of eight injection 
moulded parts, each of said injection moulded 
parts comprising two components, i.e. a first plastic 
material as a base and as a cover layer material 
and a second plastic material as a core material. 

75 "The figures show the multi-cavity injection 
moulding system only in its upper part, i.e. they 
show said system essentially without any moulding 
cavity plate and without the associated moulding 
cavities. 

20 The multi-cavity injection moulding system in- 
cludes a backplate arrangement 1, which is screw- 
fastened to a cooled moulding cavity , plate 3 (cf. 
also Fig. 3) by means of screws 2 (Fig. 2), said 
moulding cavity plate 3 being provided with open- 

25 ings 4, which are adapted to receive therein an 
injection nozzle 5, said injections nozzles 5 being 
respectively secured to a hot runner system 6 
formed between the cooled moulding cavity plate 3 
and the backplate arrangement 1. Each of the 

30 injection nozzles 5 is provided with an insulating 
flange 7, which, on the one hand, serves to effect 
heat-insulated centering of each injection nozzle in 
the moulding cavity plate 3 and which, on the other 
hand, serves as a screw-fastening body for fasten- 

35 ing the injection nozzles 5 to the hot runner system 
6 by means of screws 8. The present embodiment 
shows a multi-cavity injection moulding system 
provided with valve pin gating so that each injec- 
tion nozzle 5 has a valve pin 9, which extends 

40 through a central melt bore 10 and which, in a 
closed position, has a tip end 11 inserted in a gate 
12, said central melt bore 10 extending through the 
respective injection nozzle 5 as a centra) longitudi- 
nal bore. The respective valve pin 9 extends 

45 through a hot runner system 6, which includes a 
sealing sleeve disc 13, and through a guide sleeve 
14, which is arranged in this area between the hot 
runner system 6 and the backplate arrangement 1 , 
into said backplate arrangement 1 including a hy- 

50 draulic actuating device 15 for a driven, rear end 
16 of the valve pin 9. 

The multi-cavity injection moulding system ac- 
cording to the present invention is provided for the 
purpose of producing injection-moulded parts,' 

55 which integrally comprise two plastic materials, a 
first plastic melt of a first plastic material and a 
second plastic melt of a second plastic material 
being processed in one injection cycle. In the 
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present case, the hot runner system 6 consists of a 
first hot runner manifold 6a and of a second hot 
runner manifold 6b arranged above the first one. 
Both hot runner manifolds 6a, 6b form separate 
plates and are arranged such that sealing sleeves 
13 are inserted between them, said sealing sleeves 
13 providing the possibility of sealingly arranging 
the hot runner manifolds 6a, 6b. Moreover, they are 
provided to sealingly receive the valve pin axial 
bores 17 as well as to permit different thermal 
expansions, which depend on the respective tem- 
perature differences, and sliding movements of the 
hot runner manifolds 6a, 6b relative to each other, 
said relative sliding movements resulting from said 
different thermal expansions. The lower, first hot 
runner manifold 6a, the front end surface 18 of 
which also defines a sealed reception means for 
the injection nozzles 5 fixed to said end surface 18 
by means of the screws 8, passes the melt of the 
first plastic material through the hot runners 19, 
which have supplied thereto the first plastic ma- 
terial from a central, first pouring opening 20, which 
is centrally provided at the upper back of the multi- 
cavity injection moulding system, via a central sup- 
ply passage 21 extending through the backplate 
arrangement 1, a central positioning and sealing 
sleeve 22, the second hot runner manifold 6b and 
an additional sealing sleeve disc 23 up to the point 
where it opens into one of the hot runners 19 of the 
first hot runner manifold 6a. 

The second hot runner manifold 6b has hot 
runners 24, which open into the valve pin axial bore 
17 for each injection nozzle 5 for the purpose of 
feeding the second plastic material into the central 
melt bore 10 of each injection nozzle 5 - which 
contains also the valve pin 9. A pouring opening 25 
(Rg. 2), which communicates with the hot runners 
24 of the second hot runner manifold 6b, is laterally 
provided in said second, upper hot runner manifold 
6b. The hot runner manifolds 6a, 6b are heated in 
the conventional manner by means of integrally 
embedded heating elements 26 (Rg. 1), which are 
bonded to said hot runner manifolds 6a. 6b and the 
electric connections of which are not shown in the 
present case, so as to guarantee - depending on 
the selected combination of materials for the first 
and second plastic materials - an optimum tem- 
perature of the melt along the hot runners 19, 24 in 
each of the hot runner manifolds 6a, 6b. Depending 
on the required viscosity and operating tempera- 
ture for the first and second plastic materials, which 
are guided through the first and second hot runner 
plates 6a, 6b, respectively, the temperature of each 
hot runner plates 6a, 6b can be different, and said 
temperatures can be controlled in connection with 
thermocouples, which are not shown in the present 
case. Due to the sealing and sliding fit between the 
hot runner plates 6a, 6b, which is guaranteed by 



means of the sealing sleeve discs 13, 23 in con- 
nection with the central positioning and sealing 
sleeve 22, said hot runner plates 6a, 6b can carry 
out thermal expansion movements relative to each 

5 other, said thermal expansion movements being 
caused by the respective temperature differences. 

As is especially elucidated by Rg. 1 as well as 
by Rg. 3a to 3e. the hot runners 19 of the first, 
lower hot runner manifold 6a, which carries the 

io injection nozzles 5 in the moulding cavity plate 3, 
open into recesses 27 via inclined guide sections 
19a extending symmetrically with respect to a hot 
runner passage 19 towards neighbouring injection 
nozzles 5, each of said recesses 27 being provided 

15 such that part of it is formed in the front end face 

18 of the lower hot runner manifold 6a and that a 
second corresponding part is formed in a rear 
surface of the injection nozzle 5. It follows that one 
half of the recess 27 is formed in the hot runner 

20 manifold 6a, whereas the other half is formed in the 
rear surface of the associated injection nozzle 5 in 
opposite relationship therewith so that the sealing 
fit of the injection nozzle 5 on the hot runner 
manifold 6a also defines a plane of division for the 

25 recess 27 and for sickleshaped melt passage sec- 
tions 28 following said recess 27 and extending in 
the circumferential direction in a rear end face of 
the injection nozzle 5. The oppositely disposed 
ends of the sickleshaped melt passages 28 are 

30 connected to first and second melt bores 29a, 29b 
(for reasons of representation, Rgs. 3a to 3e only 
show the melt bore 29a), which extend axially 
through the nozzle 5, said ends of the melt pas- 
sages 28 being radially symmetrically displaced 

35 with respect to the central melt bore 10. 

As is clearly shown in Rg 8, the first and 
second melt bores 29a, 29b, which carry the melt 
of the first plastic material, open into an annular 
space 30 in the nozzle tip of each injection nozzle 

40 5, said annular space 30 surrounding a tip end of 
the central melt bore 10 carrying the second plastic 
material. 

It is thus possible to supply in an advantageous 
manner, with the aid of the first and second hot 
45 runner means 6a, 6b which are arranged one be- 
hind the other and formed as spaced plates dis- 
posed in parallel and with the aid of the hot runners 

19 and 24 (which are provided in said first and 
second hot runner manifolds 6a, 6b independently 

50 of one another), the melt of the first plastic material 
through the first and second melt bores 29a, 29b of 
each injection nozzle 5 separately from the second 
melt of the second plastic material, which is con- 
veyed through the central melt bore 10 of each 

55 injection nozzle 5, and to make it available in the 
area of the gate 12 of an associated moulding 
cavity of the multi-cavity injection moulding sys- 
tem. 
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In Fig. 1 and 2, reference numeral 31 is used 
for referring to the electric connections for a heat- 
ing element 32, which is provided in each of the 
heated injection nozzles 5 of the multi-cavity injec- 
tion moulding system. 

As can be seen from the schematic representa- 
tions shown especially in Fig. 3a to 3e, a rear 
section of the heating element 32 in the area of the 
insulating flange 7 is defined by windings which are 
placed closely together, said windings being espe- 
cially embedded in a continuous axia! groove and 
permitting an. increased heating capacity in the 
area of the injection nozzle 5 in which an increased 
amount of heat is carried off by the neighbouring, 
cooled moulding cavity plate 3. In a cylindrical 
outer surface of each injection nozzle 5, the addi- 
tional windings of the heating element 32 are ac- 
commodated in a spiral passage in spaced rela- 
tionship with one another, and in the front end 
portion of the injection nozzle 5 windings which are 
placed closely together are again provided by 
modifying the spiral passage such that it defines an 
axial groove so that in the area where the heated 
injection nozzle 5 is installed in the cooled mould- 
ing cavity plate and where an increased amount of 
heat is, consequently, carried off, the watt density 
of the heating element can be increased as well. 

A point of special importance for co- and 
sequential-moulding of the second plastic material 
through the central melt bore 10 as well as of the 
first plastic material through the first and second 
melt bores 29a, 29b opening into the annular space 
30, is the provision of a tip end 32a of the heating 
element 32 in the nozzle tip around the mouth of 
the central melt bore 10, said melt bore being 
controlled by the valve pin 9 as well. For this 
purpose, the front end of the heating element 32, 
which extends along the outer periphery of the 
injection nozzle 5, extends via a radial passage 33 
inwards and into the tip of a nozzle mouthpiece 35 
defining an opening 34 of the central melt bore, 
and in said nozzle mouthpiece 35 it is preferably 
arranged in two windings. This permits a tempera- 
ture control for the first and second melts of said 
first and second plastic materials, which can be 
effected with very little delay directly in the area of 
the gate 12 of the multi-cavity injection moulding 
system. The arrow X in Fig 9 serves to indicate an 
adjustable axial dimension of the nozzle mouth- 
piece 35 for forming a hot film. 

The valve pin 9, which is adapted to be con- 
trolled in the longitudinal direction of each injection 
nozzle 5, has its rear end 16 received in a recep- 
tion piston 36 of the hydraulic actuating device 15 
in a lower, third backplate 1c, which forms part of 
the backplate arrangement 1 and which faces the 
hot runner system 6. The reception piston 36 is 
received in a sealing ring 37 having a sealing 



projection 38, and it is adapted to be slidably 
displaced in a cylinder space 39 of the third back- 
plate 1c. Control passages 43, 44, which are acted 
upon by hydraulic pressure and which are provided 

5 in the third backplate 1c as well as in a backplate 
1b arranged above said third backplate 1c and 
sealing the cylinder space 39, permit a double 
stroke control of the reception piston 36. 

As will be explained in detail hereinbelow on 

ro the basis of Fig. 3a to 3e, the longitudinal control of 
the valve pin 9 which is preferably provided for the 
sequential injection moulding of the first and sec- 
ond plastic materials for a multi-component injec- 
tion moulded part in a multi-cavity injection mould- 

75 ing system with valve pin gating - which is referred 
to in the case of the present embodiment - should 
be of such a nature that this control permits, in one 
injection moulding cycle, injection moulding of the 
first plastic material through the first and second 

20 melt bores 29a, 29b and the annular space 30 of 
the injection nozzle 5 in the direction of a gate 12 
for forming a basic layer of the injection moulded 
part, subsequent injection moulding of the second 
plastic material from the central melt bore 10 for 

25 forming a core material layer, and final, renewed 
injection moulding of the first plastic material, es- 
sentially without any mixing of the first and second 
plastic melts upstream of the gate 12. 

In connection with the valve pin gating of the 

30 gate 12, it is not only necessary to control the 
valve pin 9 between a closed end positon, in which 
the pin tip of the valve pin 9 is inserted in the gate 
D 12 and closes an associated moulding cavity, and 
an open end position, in which the gate 12 permits 

35 a melt of a plastic material to enter said gate 12, 
but it is also necessary to provide an intermediate 
position of the valve pin 9, in which the gate 12 is 
left open although the central melt bore 10 and the 
opening 34 in the nozzle mouthpiece 35 are 

40 closed. In said intermediate position, the central 
melt bore 10 is closed by the valve pin 9, but, due 
to the connection of the gate 12 with the annular 
space 30 and with the first and second melt bores 
29a, 29b for the first plastic material, it is possible 

45 to inject said first plastic material separately from 
the second plastic material. 

For this purpose, the hydraulic actuating 
means 15 includes, in the second backplate 1b, an 
additional cylinder space 40 having arranged there- 

50 in a stop piston 41 , which is adapted to be slidably 
displaced and which, being a step piston, projects 
coaxially into the cylinder space 39 of the third 
backplate 1c with an axial stop projection 42 used 
simultaneously for the prupose of guiding the pis- 

55 ton. Said stop piston 41 limits an axial displace- 
ment of the reception piston 36, which directly 
controls the valve needle 9, depending on an up- 
per, retracted end position or a front, advanced end 
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position, so that the axial position of the valve pin 9 
and of the reception piston 36, respectively, with 
regard to a retracted end position (open) of the 
valve pin 9 and an intermediate position is con- 
trolled by the control of the stop piston 41. An 
additional control passage 45, which contains hy- 
draulic fluid and which is provided in the second 
backplate 1b, as well as a hydraulic fluid control 
passage 46, which is provided in an upper, first 
backplate 1a closing the multi-cavity injection 
moulding system at the top, are used for this 
purpose so that double stroke control can also be 
effected in the case of the stop piston 41. 

However, depending on the respective injection 
moulding problem, the structure of layers within the 
injection moulded part to be produced, the configu- 
ration of said injection moulded part, the extension 
of the barrier layer consisting of the second plastic 
material, the nature of the plastic materials used 
etc., it is possible to dispense with the piston 
control of the intermediate positions of the valve 
pin 9, and to control, in connection with pressure 
acting on the rear end 16 of the valve pin 9, the 
opening and closing movements of said valve pin 9 
in a pressure-difference-dependent manner by the 
melt pressure (counter-pressure) of the melts of the 
first and/or second plastic materials. It is thus pos- 
sible to achieve an obvious simplification of the 
backplate arrangement 1 and of the hydraulic ac- 
tuating device 15 for the valve pin 9. 

Making reference to Fig. 3a to 3e, the method 
of producing an injection moulded part, which con- 
sists of two plastic materials, is now explained. 

In the present case, polypropylene is used as 
the first plastic material of the injection moulded 
part defining the basic material, whereas polyamide 
(nylon) is injected as a second plastic material for 
forming an oxygen-impervious barrier layer. The 
present invention is, of course, not limited to these 
materials, but it is also possible to use other suit- 
able combinations of materials, which contain, for 
example, ethylene-vinyl-alcohol, depending on the 
respective fields of use and the processibility of the 
materials in an integral injection moulding process. 

Each of Fig. 3a to 3e shows a schematic axial 
section through the multi-cavity injection moulding 
system according to Fig. 1 and 2 for an injection 
nozzle 5 in different phases of an injection mould- 
ing cycle. Fig. 3a shows the injection moulding 
system at the beginning of an injection moulding 
cycle. In this condition, the gate 12 of the moulding 
cavity plate 3 is closed by the valve pin 9, and the 
reception piston 36 is, consequently, in a lower end 
position corresponding to the closed end position 
of the valve pin 9. The control passage 44 for the 
hydraulic fluid, which is provided in the backplate 
1b and which communicates with the cylinder 
space 39, has applied thereto a hydraulic pressure 



which is higher than that of the control passage 43 
provided in the third backplate 1c. The value of the 
hydraulic control pressure within the control pas- 
sage 43 can correspond to the control pressure 

5 within the control passage 46, which is provided in 
the first backplate 1a and which is used for the 
stop piston 41. The hydraulic pressure within the 
additional control passage 45 of the second back- 
plate 1b can be maintained at the level of the 

70 control pressure within the hydraulic passage of the 
third backplate 1c and of the first backplate 1a in 
this phase. The control passages 43, 45, 46 are 
preferably in a pressure-relief state, whereas the 
control passage 44 has a supply pressure applied 

rs thereto. 

The valve pin 9 extends from the location 
where it is received in the reception piston 36 
through the guide sleeve 14, which is arranged 
between the lower backplate 1c and the second hot 

20 runner means 6b and which has, on the one hand, 
an annular recess 14a for receiving therein the 
heads of the screws 8 for fixing and screw-fasten- 
ing the injection nozzles 5 to the lower, first hot 
runner means 6a and, on the other hand, a cylin- 

25 drical tubular projection 14b by means of which 
said guide sleeve 14 engages the respective axial 
bore 17, which forms an extension of the respec- 
tive central melt bore 10 of each injection nozzle 5 
and which extends through the hot runner man- 

30 ifolds 6a, 6b as well as through the sealing sleeve 
disc 13 by means of which said hot runner means 
are spaced, said tubular projection 14b being also 
used for centering the guide sleeve 14. The tubular 
projection 14b also serves to seal the axial bore 17 

35 with respect to the hydraulic actuating device 15 
and to deflect the melt flow of the second plastic 
material, which comes from the hot runner 24, into 
the axial bore 17 leading to the central melt bore 
10. Moreover, the guide sleeve 14 is used as an 

40 axial pressure reception sleeve against the lower, 
third backplate 1c in cases in which thermal expan- 
sion of the two hot runner means 6a, 6b occurs. 

Rg. 3a to 3e show also clearly how the hot 
runner plates 6a, 6b are fastened by means of 

45 screws to the moulding cavity plate 3 (screws 47) 
and how the respective injection nozzle 5 is in- 
stalled in the moulding cavity plate 3 as well as 
how the melt of the first plastic material is distrib- 
uted through the respective hot runner 19 and the 

so inclined guide section 19a leading to the recess 27 
at the back of the injection nozzle 5 and the front 
end face 18 of the first hot runner manifold 6a, 
respectively. Moreover, it is shown how the melt of 
the first plastic material is further convezed through 

55 the rear melt passages 28 to the first and second 
melt bores 29a, 29b of the nozzles. Each of said 
Figs. 3a to 3e shows only one of the two first and 
second melt bores 29a, 29b, which are arranged at 
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radially equal distances from the central melt bore 
10 (cf., however, Fig. 9). The melt bores 29a, 29b 
open into the annular space 30 in the nozzle tip, 
whereas the central melt bore 10 extends directly 
opposite to the gate 12 in the opening 34 of the 
nozzle mouthpiece 35, which is controlled by the 
tip of the valve pin 9 and which contains the tip 
end 32a of the heating element 32. 

A thermocouple 70 is used as a signal trans- 
mitter for effecting temperature control of the injec- 
tion nozzle 5, said thermocouple 70 extending up 
to and into the front end of said injection nozzle 5. 

In Fig. 3a, the gate 12 is closed by the valve 
needle 9, the hydraulic pressure in the control 
passages 43, 45 and 46 is preferably switched off, 
whereas a supply pressure is applied to the control 
passage 44. 

While effecting volume and/or pressure control 
for the injection of the first plastic melt from the 
first and second melt bores 29a, 29b and while 
simultaneously actuating the valve needle, injection 
of the first plastic melt of the first plastic material 
through the hot runner manifold 6a including the 
hot runner 19. the recess 27, the melt passages 28, 
the first and second melt bores 29a as well as 29b 
and the annular space 30 into the gate 12 is 
carried out in the course of one injection cycle, as 
can be seen in Fig. 3b. In the course of this 
process, the valve pin 9 is drawn back to a first, 
rear intermediate position (which is shown in Fig. 9 
as the lower representation of the tip end 11 of the 
valve pin 9, outlined by a broken line) for opening 
the gate 12 and for connecting it to the annular 
space 30 in such a way that a hydraulic pressure in 
the control passage 46 is adjusted to its maximum 
value, the control passage 44 remains in a depres- 
surized state.a hydraulic pressure is built up in the 
control passage 43, and the hydraulic pressure in 
the control passage 45 is removed or rather 
switched off. 

The stop piston 41 in the second backplate 1b 
is thus biased towards its lower end position so 
that the stop projection 42 projects into the cylinder 
space 39 of the third backplate 1c as far as possi- 
ble and defines a stop means for the reception 
piston 36, which includes the rear end 16 of the 
valve pin 9 and which is urged rearwards by the 
pressure applied by the control passage 43. 

In this intermediate position of the valve pin 9, 
which is determined by the pressure difference 
between the control passages 43 and 46c in con- 
nection with the stop piston 41, said valve pin 9 
leaves the gate 12 open, whereas the opening 34 
of the central melt bore in the heated nozzle 
mouthpiece 35 remains closed (cf. Fig. 9) and the 
first plastic melt is injected, under pressure and 
volume control, from the annular space 30 into the 
moulding cavity so as to form a basic layer of the 



injection moulded part. 

The next phase of the injection moulding cycle 
is shown in Fig. 3c, where the valve pin 9 is 
located in its completely open position, i.e. in a 

5 rear end position. The same phase is indicated in 
Fig. 9 by the upper position of the tip end 11 of the 
valve pin 9, which is outlined by a broken line. This 
position is determined by the upper end position of 
the stop piston 41 provided with the stop projection 

io 42 on which the reception piston 36 still abuts. For 
the purpose of injecting the second plastic melt 
through the opening 34 of the mouthpiece 35, 
which is left open by the valve pin 9 in its rear 
position, the control passages 44 and 46 are in a 

is pressure-relief state, whereas a supply pressure 
within the control passages 43 and 45 biases the 
stop piston 41 and the reception piston 36, respec- 
tively, towards their upper end positions. While 
effecting pressure and volume control of the sec- 

20 ond melt of the second plastic material with re- 
spect to the melt pressure of the first plastic ma- 
terial, the core layer (barrier layer), which forms 
part of the injection moulded part and which con- 
sists of the second plastic material, is, in the 

25 course of this phase, injected through the gate 12 
into the moulding cavity, essentially without any 
mixing with the first plastic material. 

For final injection moulding of a cover layer of 
the injection moulded part by making use of the 

30 basic material (first plastic, material), the valve pin 9 
is again advanced into the intermediate position 
according to Fig. 3b by re-exchanging the hydrau- 
lic pressure loads between the control passage 46 
and the control passage 45 and by advancing the 

35 stop piston 41 to its lower end position, the control 
pressure applied to the control passages 43 to 46 
corresponding to that explained in connection with 
Fig. 3b. Although the figures, in particular Fig. 9 , 
do not show this, the opening 34 and the valve pin 

40 9 have provided between them a gap creating 
(either by means of a continuous annular gap or by 
means of circumferentially spaced longitudinal re- 
cesses in the inner circumferential surface of the 
opening 16 and/or in the outer circumferential sur- 

45 face of the valve pin 9) conditions of such a nature 
that, when the valve pin 9 is advanced to its 
closing end position, the melt, which is present 
below the tip 11 of the valve pin 9, can flow back 
between the opening 16 and the valve pin 9 in a 

so direction opposite to the direction of valve pin 
movement The valve pin control timing is essen- 
tially determined by the flow resistance generated 
in the course of this process. 

After injection moulding of the cover layer of 

55 the injection moulded part, the injection moulding 
cycle is terminated while maintaining the injection 
moulding pressure for the purpose of melt com- 
pacting for a short period of time and by closing 
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the gate 12 by the valve pin 9, as shown in Fig. 3e, 
which corresponds to Fig. 3a. The pressure in the 
control passages 43, 45, 46 is relieved, whereas 
the control passage 44 has applied thereto a sup- 
ply pressure (closing pressure). The above ex- 
plained example of a method of producing a multi- 
component injection moulded part and of a multi- 
cavity injection moulding system adapted to be 
used for said method permit the production of 
injection moulded parts, which consist of several 
plastic materials, with high precision and while 
avoiding streams of mixed materials within the in- 
jection moulding system. 

To the person skilled in the art it will be ob- 
vious that the method according to the invention 
and the multi-cavity injection moulding system ac- 
cording to the invention are, of course, not limited 
to the above-mentioned embodiment, and that it is, 
for example, also possible to process more than 
two different plastic materials in one injection 
moulding cycle for producing thus a multi-compo- 
nent injection moulded part. In particular for provid- 
ing a reliable connection of the plastic materials so 
as to form one integral injection moulded part, a 
third plastic material can be provided as an adhe- 
sive in the case of the present method, said adhe- 
sive being effective between an inner core material 
layer (second plastic material) and the basic plastic 
material (first plastic material) surrounding said 
core material layer at least partially. For injecting a 
third plastic material as an adhesive between said 
first and second plastic materials, the above-ex- 
plained embodiment of the multi-cavity injection 
moulding system may, for example, by modified by 
providing a feed system by means of which the 
melt stream of the second plastic material has 
circumferentially applied thereto a thin film of a 
third plastic material showing a strong inclination to 
cross-link with the first as well as with the second 
plastic material and improving the connection be- 
tween these plastic materials within the finished 
injection moulded part. 

An embodiment of such a system enabling 
three different types of resin to be used is ex- 
plained below, referring to Figures 4 to 8. Same 
components are denoted by the same reference 
numerals as in the first embodiment of Figs. 1 to 
3e and the explanation thereof is not repeated. 

Figures 4 to 8e show a mufti cavity injection 
moulding system again designed for simultaneous 
injection moulding of eight injection moulded parts, 
each injection moulded part comprising three com- 
ponents, i.e. a first plastic material as a base and 
as a cover layer material, a second plastic material 
as a core or barrier layer material, and a third 
plastic material, the latter causing an intimate con- 
nection of the first and second plastic materials so 
as to form an integral structure of materials and 



being arranged between the first and second plas- 
tic materials. 

The multi-cavity injection moulding system ac- 
cording to this second embodiment is provided for 

5 the purpose of producing injection-moulded parts, 
which integrally comprise three plastic materials, a 
first plastic melt of a first plastic material, a second 
plastic melt of a second plastic material and a third 
melt of a third plastic material being processed in 

w one injection cycle. 

In this connection, the second plastic material, 
which defines a barrier layer in the first plastic 
material, can also be formed merely in a part of the 
cross-section (e.g. in a central section thereof). 

is While the general structure of the hot runner 
arrangement corresponds to that of the first em- 
bodiment of Figs. 1 to 3e, modifications for feeding 
the third melts are made as follows. 

From the first pouring opening 20 at the upper 

20 back of the system, the first melt is fed via a 
central, first supply passage 21 extending through 
the backplate arrangement 1 a central passage 
insulating sleeve 21b, the central sleeve 22 in the 
second hot runner manifold 6b and the sealing 

25 sleeve 23 up to the point where it opens into one of 
the hot runners 19 of the first hot runner plate 6a. 

As can especially be seen from Fig. 5 and 7, 
the pouring opening 20 for the first plastic material 
is provided with an annular flange 20a, which is 

30 fixed to the third backplate 1a of the backplate 
arrangement 1 by means of screws and which is 
followed by a passage sleeve arrangement 21a for 
the first supply passage 21, said passage sleeve 
arrangement 21a resting, in turn, on said second 

35 hot runner manifold 6b via a heated passage in- 
sulating sleeve 21b, which also seals the first sup- 
ply passage 21 with respect to the second hot 
runner manifold 60 and which acts as a spacer 
between said hot runner plate 60 and said back- 

40 plate arrangement 1. The passage insulating sleeve 
21b, which is not shown in a sectional view in 
these figures, has integrally provided therein a 
heating element, which is connected to an electric 
connection means 21c. 

45 As can especially be seen from Fig. 6 and 7, 
the second and third plastic materials are supplied 
to the injection nozzles 5 through the second hot 
runner manifold 60 having, for this purpose, second 
and third hot runners 24, 48 which have the plastic 

so material supplied thereto from the second and third 
inlet openings 25, 52 through the second hot run- 
ner manifolds 60 from the back thereof (pouring 
opening) 25) and from one side of said second hot 
runner manifold 6b (pouring opening 52), respec- 

55 tively, through an associated second supply pas- 
sage 57 and a third supply passage 58, which are 
displaced relative to each other by essentially 90° . 
Fig. 4 elucidates, on the one hand, the arrange- 
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ment pattern of the injection nozzles 5, the position 
and the structural design of the first, central pour- 
ing opening 20 for the first plastic material and of 
the second pouring opening 25 for the second 
plastic material as well as of the third pouring 5 
opening 52 for the third plastic material, and the 
Theologically balanced mode of guiding the respec- 
tive plastic melt within the injection moulding sys- 
tem, as will be explained in detail hereinafter. On 
the other hand. Fig. 1 elucidates the heating struc- w 
ture for heating the hot runner system by means of 
heating element passages 60, 61 with heating ele- 
ments 26 received in said passages, which provide 
essentially uniform heating of the hot runner sys- 
tem 6 in respective horizontal planes and the elec- is 
trie connections of which are provided with refer- 
ence numerals 62 and 63 in Fig. 1. Further details, 
in particular details concerning the way in which 
the respective melt of one of the plastic materials 
is guided between the relevant pouring opening 20, 20 
25, 52 and the injection nozzle 5 in question, will 
be explained in detail hereinbelow. 

For the purpose of achieving a thermally stabi- 
lized and theologically balanced mode of guiding 
the second and third plastic melts through the 25 
second hot runner manifold 60 as well as an expe- 
dient, separate distribution of the second and third 
plastic materials among the injection nozzles 5, the 
supply passages 57 and 58 are arranged such that 
they extend, in planes which are horizontally dis- 30 
placed relative to each other, up to and into the 
central area of the multi-cavity injection moulding 
system, and in said area they open into first and 
second axially spaced annular grooves 59a, 59b of 
the central sleeve 22. The third supply passage 58 35 
for the third plastic melt is connected to a third 
annular groove 59d on the outer periphery of the 
central sleeve 22 via the second annular groove 
59b of the central sleeve 22 and via a peripheral 
axial passage 59c, the third melt-distributing pas- 40 
sages 48 of the second hot runner means 6b 
opening into said third annular groove 59d. It fol- 
lows that the central sleeve 22 serves, on the one 
hand, as an axial passage sleeve for providing an 
extension of the first supply passage 21, which 45 
carries the melt of the first plastic material, towards 
the lower, first hot runner manifold 6a and, on the 
other hand, it also serves as a radial distributor 
sleeve for providing a connection between the sec- 
ond and third supply passages 57, 58 for the melts 50 
of the second and third plastic materials and the 
associated hot runners 24 and 48, which are pro- 
vided on different levels in essentially parallel 
planes for distributing the second and third plastic 
materials among the injection nozzles 5. The hot 55 
runner means 6a and 6b have provided between 
them, again in the central area, a sealing sleeve 23, 
which guides the relevant section of the first supply 



passage 21 and which is arranged subsequently to 
the central sleeve 22. 

It follows that the second hot runner means 6b 
has second and third hot runners 24, 48 for the 
second and third plastic materials, said hot runners 
24, 48 being connected to the valve pin axial bore 
17 for each injection nozzle 5 for the purpose of 
feeding the second and third plastic materials into 
the central melt bore 10 of each injection nozzle 5 - 
which contains also the valve needle 9 - via the 
valve needle axial bore 17 in a manner which is 
shown in detail in Fig. 3 as well as in Fig. 5a to 5e 
and which will be explained more precisely herein- 
below. The pouring openings 25 and 52, which are 
arranged on the second hot runner manifold 6b 
such that they are provided on different levels and 
displaced by approx. 90* , are connected to the hot 
runners 24 for the second plastic material and to 
the melt distributing passages 48 for the third plas- 
tic material in the manner explained hereinbefore. 
The hot runner manifolds 6a, 6b are heated via the 
electric connections 62, 63 in the conventional 
manner by means of integrally embedded heating 
elements 26, which are bonded to said hot runner 
means 6a, 6b, (cf. Fig. 1 and 2), so as to guarantee 
- depending on the selected combination of materi- 
als for the first plastic material on the one hand and 
for the second and third plastic materials on the 
other - an optimum temperature of the melt along 
the hot runners 19, 24 and 48. 

Depending on the required viscosity and op- 
erating temperature for the first, second and third 
plastic materials, which are guided through the first 
and second hot runner manifolds 6a, ,6b, respec- 
tively, the temperature of each hot runner manifold 
6a, 6b can be different, and said temperatures can 
be controlled in connection with thermocouples, 
which are not shown in this embodiment. The 
maximum viscosity of the melt of the third plastic 
material corresponds preferably to the viscosity of 
the second plastic material, and the viscosity of the 
second plastic material, which preferably defines a 
core layer of the injection moulded part, is prefer- 
ably equal to or lower than the viscosity of the first 
plastic material, which, serving as a basic material, 
embeds the core material. Due to the sealing and 
sliding fit between the hot runner manifolds 6a, 6b, 
which is guaranteed by means of the sealing 
sleeve discs 13, 23 in connection with the passage 
insulating sleeve 21b, said hot runner manifolds 6a, 
6b can carry out thermal expansion movements 
relative to each other as already mentioned. In the 
second embodiment, the distribution of the first and 
second substantial melts corresponds to that of the 
first embodiment. 

As can especially be seen from Fig. 6 as well 
as from Fig. 5a to 5e, the second melt hot runners 
24 open into the axial bore 17, which also accom- 
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modates therein the valve pin 9 of the second 
manifold 6b. 

The axial bore 17 opens into a guide bore of a 
guide sleeve 14 for the valve needle 9, said guide 
sleeve 14 engaging the upper end of said axial 
bore 17 by means of a tubular projection 14b. The 
tubular projection 14b serves to seal the axial bore 
17 in the direction of a hydraulic actuating means 
15 for each valve pin as well as to deflect the melt 
of the second plastic material from the respective 
melt-distributing passage 24 into the axial bore 17 
leading to the melt bore 10 of each injection nozzle 
5, the engagement end of the tubular projection 
14b being, for this purpose, provided with an in- 
clined surface facing the mouth of the respective 
hot runner 24. 

The hot runner 48 for the third plastic melt 
extend through the second hot runner manifold 6b 
in a horizontal plane parallel and downwards of the 
plane of the hot runners 19 up to a point which is 
located close to the respective axial bores 17. In 
the present case, it is preferred to feed the third 
plastic material at the outer periphery of the sec- 
ond plastic material, which is fed into the axial bore 
17 upstream of said third plastic material, in the 
area between said second and said first hot runner 
plates 6b, 6a. The sealing sleeve discs 13, which 
are arranged in the area of each axial bore 17 
between the two hot runner manifolds 6a, 6b, are 
used for this purpose, said sealing sleeve disc 13 
abutting with a slide surface 49 on a lower end face 
50, which forms part of the second hot runner 
manifold 6b (and which faces the first hot runner 
manifold 6a), and having in said slide surface 49 an 
annular passage 51a, which is respectively con- 
nected to a third hot runner 48 and which commu- 
nicates with the coaxial axial bore 17 through a 
central bore 53 of the sealing sleeve disc 13. In 
addition, the end face 50 of the second hot runner 
manifold 6b has provided therein a counter-annular 
passage 51b, which corresponds to the annular 
passage 51a in the sealing sleeve disc 13 and into 
which an end section 48a of the respective third 
hot runner48 terminates. The annular passage 51a 
in the sealing sleeve disc 13 and the counteran- 
nular passage 51b in the second hot runner mani- 
fold 6b define, in combination, preferably a full- 
circle cross-section, and, for the purpose of con- 
necting the annular recess 51a, 51b to the central 
bore 53 in the sealing sleeve disc 13, there is 
provided at least one introduction gap of preferably 
selectable width, said introduction gap being used 
for uniformly applying to an outer peripheral area of 
the melt flow of second plastic material in the 
central bore 53 the third plastic material from the 
annular recess 51a, 51b in the area of a boundary 
surface between the second hot runner manifold 6b 
and the sealing sleeve disc 13. For connecting the 



annular recesses 51a and 51b to a horizontal sec- 
tion of the hot runners 48, each of said hot runners 
48 is provided with an axial section 48a extending 
axially parallel to the axial bore 17. 

5 On the basis of the above-described arrange- 

ment, in the case of which the third plastic material 
is added to the second plastic material, at a loca- 
tion downstream of the point where said second 
plastic material flows into the axial bore 17, so as 

io to form a controlled, peripheral melt film close to a 
respective injection nozzle 5, it is possible to feed 
the second and third plastic materials as composite 
materials to the central melt bore 10 of each injec- 
tion nozzle 5 and from said injection nozzle to a 

75 moulding cavity for forming, in an injection mould- 
ed part, a core or barrier layer consisting of the 
second plastic material and an adhesive connection 
layer provided between said first and second plas- 
tic materials and consisting of the third plastic 

20 material. In the case of certain kinds of injection 
moulding tasks, the third plastic material in the 
annular recesses 51a, 51b can be maintained in a 
depressurized state to a very large extent and the 
vacuum generated in the introduction gap by the 

25 melt flow of the second plastic material through the 
axial bore 17 and the central bore 53 can be 
sufficient to produce a suction effect sucking the 
third plastic material from the annular recesses 
51a, 51b so as to form a thin coating on the melt 

30 flow of the second plastic material. Depending e.g. 
on the viscosity of the third plastic material, the 
cross-sectional configuration of the annular reces- 
ses 51a, 51b can vary within wide limits and may, 
for example, also include a melt storage space 

35 which opens into an annular nozzle gap, which, in 
turn, communicates with the axial bore 17 and the 
central bore 53, respectively. 

The material used as first plastic material is 
preferably polypropylene, the material used as sec- 

ao ond plastic material is preferably polyamide 
(nylon), and the material used as third plastic ma- 
terial is preferably ethylene-vinyhalcohol; the injec- 
tion moulding system and the method according to 
the present invention are, however, not limited to 

45 the use of such a combination of materials. It is, for 
example, also possible to use ethylene-vinyl-al- 
cohol as the second plastic material and ethylene- 
vinyl-acetate as the third plastic material. The sec- 
ond plastic material (barrier layer) can also extend 

so only partially in the first plastic material, and in a 
sub-area of the cross-section of the injection 
moulded part it can extend such that it is at least 
partially embedded in said first plastic material. 
Depending on the volume percentages of the 

55 first, second and third plastic materials in the fin- 
ished injection moulded part, the materials are sup- 
plied to the injection nozzles 5 while effecting pres- 
sure and/or volume control of the melts of said first, 
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second and third plastic materials, the percentage 
of the third plastic material being lower than the 
percentages of the first and second plastic materi- 
als and the second plastic material being normally 
provided in smaller amounts than the first plastic 
material. In the present case, this finds expression 
in a flow cross-section of the third melt-distributing 
passage 48 for the third plastic material which is 
reduced in size in comparison with the melt distrib- 
uting passages 19, 24 for the first and second 
plastic materials. 

It is thus possible to supply in an advantageous 
manner, with the aid of the first and second hat 
runner manifolds 6a, 6b and with the aid of the hot 
runners19, 24, 48 which are provided in said first 
and second hot runner manifolds independently of 
one another, the melt of the first plastic material 
through the first and second melt bores 29a, 29b of 
each injection nozzle 5 separately from the second 
and third melts of the second and third plastic 
materials, which are conveyed jointly,but in an es- 
sentially unmixed condition, through the central 
melt bore 10 of each injection nozzle 5, and to 
make it available in the area of the gate 12 of an 
associated moulding cavity of the multi-cavity in- 
jection moulding system. 

In Fig. 4 and 5, reference numeral 31 is used 
for referring to the electric connections for a heat- 
ing element 32, which is provided in each of the 
heated injection nozzles 5 of the multi-cavity injec- 
tion moulding system. 

The operation of the system as indicated in 
Figs. 5a to 5e corresponds to the injection cycle 
described above, referring to Figs. 3a to 3e, except 
of the coinjection of the second and third material 
as a combined melt flow. Accordingly, with respect 
to the different phases of the injection cycle shown 
in Figs. 5a to 5e, reference is made to the descrip- 
tion of Figs. 3a to 3e above. 

In the second emobodiment, the valve pin 9 
extends from the location where it is received in 
the reception piston 36 through the guide sleeve 
14, which is arranged between the lower backplate 
1c and the second hot runner manifolds 6b and 
which has, on the one hand, an annular recess 14a 
for receiving therein the heads of the screws 8 
used for fastening the guide sleeve to the second 
hot runner manifold 6b and, on the other hand, a 
cylindrical tubular projection 140 by means of 
which said guide sleeve 14 engages the resepctive 
axial bore 17, is also used for centering said guide 
sleeve 14. The tubular projection 14b also serves 
to seal the axial bore 17 with respect to the hydrau- 
lic actuating device 15 and the deflect the melt flow 
of the second plastic material, which comes from 
the hot runners 24, into the axial bore 17 leading to 
the central melt bore 10. Moreover, the guide 
sleeve 14 is used as an axial pressure reception 



sleeve against the lower, third backplate 1c. 

As is clearly shown in Fig. 5, 6 and 8a to 8e 
each sealing sleeve disc 13, which forms simulta- 
neously an annular distributing member for the 

5 third plastic material towards the axial bore 17, is 
received as an insert in the first hot runner mani- 
fold 6a, which is provided with a corresponding 
insertion recess. In the area of said insertion re- 
cess, respective tapped holes are provided, which 

to extend through the hot runner manifold 6a in the 
vertical direction and which serve to receive therein 
fastening screws 8 for securing the respective as- 
sociated injection nozzle 5 to the first hot runner 
manifold 6a. When the injection nozzles 5 have 

75 been installed on the first hot runner manifold 6a, 
the first and the second hot runner manifolds 6a, 
6b are screw-fastened to the moulding cavity plate 
3 by means of screws 47. 

In the present embodiments, polypropylene is 

20 used as the first plastic material of the injection 
moulded part defining the basic material, whereas 
polyamide (nylon), provided with a connection layer 
of ethylene-vinyl-alcohol, is injected as a second 
plastic material for forming an oxygen-impervious 

25 barrier layer. It is, of course, also possible to use 
ethylene-vinyl-alcohol as a second plastic material, 
said substance being then preferably used in con- 
nection with ethylene-vinyl-acetate as a third plastic 
material. 

30 The present invention is, of course, not limited 
to these materials, but it is just as well possible to 
use other suitable combinations of materials, which 
contain, for example, ethylene-vinyl-alcohol, de- 
pending on the respective fields of use and the 

35 processibility of the materials in an integral injec- 
tion moulding process. A composite material con- 
sisting of the second and third plastic materials 
should, however, have a viscosity which is, at the 
most, equal to that of the first palstic material and 

40 which should preferably be lower than the viscosity 
of the first plastic material. 

Nor is the injection moulding system limited to 
the use of needle valve gating, although this type 
of gating turns out to be particularly advantageous. 

45 On the contrary, it would also be possible to dis- 
pense with the valve pin explained in the above 
embodiment as well as with the associated hydrau- 
lic actuating device and to effect thermal valve 
gating by means of freezing and melting a plug of 

so plastic material in connection with the control of the 
tip end of the heating element in the nozzle mouth- 
piece. Also this type of valve gating would permit 
separate injection of the various plastic materials 
while effecting volume and pressure control of the 

55 melt pressure of the melts of said first and second 
plastic materials in separate melt passage means. 

Claims 
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1. A multi-cavity injection molding system com- 
prising a back plate arrangement, a hot runner 
manifold arrangement with a first hot runner 
manifold for a first plastic material and a sec- 
ond hot runner manifold for at least one other 
plastic material, and injection nozzles fixed to 
the hot runner manifold arrangement for feed- 
ing the plastic materials to the relevant cavities 
defined in a cavity plate, 

characterized in that 

the hot runner manifolds (6a, 6b) form manifold 
plates disposed substantially in parallel one 
behind the other between the cavity plate (3) 
and the back plate arrangement (1) wherein 
the first hot runner manifold (6a) supporting the 
injection nozzles (5) is disposed in front of the 
second hot runner manifold (6b), and that the 
central melt supply channel (21) for the first 
plastic material extends from a central pouring 
opening (20) at the rear side the of the rear 
plate arrangement (1) through said back plate 
arrangement (1) as well as through the second 
hot runner manifold (6b) towards the first hot 
runner manifold (6a) and is adapted to open 
therein in branched hot runners (19) extending 
substantially horizontally therein and connect- 
ing to the related melt channel (29a, 29b) of 
each injection nozzle (5). 

2. A multi-cavity injection molding system ac- 
cording to claim 1, characterized In that the 
pouring opening (25) for the second plastic 
material is formed laterally on the second hot 
runner manifold (6b), disposed between the 
first hot runner manifold (6a) and the back 
plate arrangement (1), said second pouring 
opening (25) communicates with branching hot 
runners (24) extending substantially horizon- 
tally for connection with axial bores (17) 
lengthening the central melt bore (10) of each 
injection nozzle (5) rearwardly. 

3. A multi-cavity injection molding system as 
claimed in claim 1 or 2, characterized In that 
the hot runner manifolds (6a, 6b) are fixed 
relative to each other and that sealing sleeve 
disks (13) are interposed between said hot 
runner manifolds (6a, 6b), said sleeve disks 
(13) defining a section of the axial bores (17) 
lengthening the central melt bore (10) of the 
injection nozzles (5) rearwardly through the hot 
runner manifolds (6a, 6b). 

4. A multi-cavity injection molding system as 
claimed in at least one of the preceding claims 



1 to 3, characterized in that a sealing sleeve 
(23) is interposed between said first and sec- 
ond hot runner manifolds (6a, 6b) defining a 
section of the central melt supply channel (21) 
5 for the first plastic material. 

5. A multi-cavity injection molding system ac- 
cording to at least one of the preceding claims 
1 to 4, characterized in that the hot runners 

70 (19) of the front hot runner manifold (6a) which 

supports the injection nozzles (5) comprise in- 
clined guide sections (19a) opening into a re- 
cess (27), said recess (27) being equally pro- 
vided in a front face (18) of the hot runner 

75 manifold (6a) which supports the associated 

injection nozzle (5), as well as in a rear surface 
of the injection nozzle (5), which abuts on the 
front face of the hot runner manifold (6a), said 
recess (27) provided in the rear surface of the 

20 injection nozzle (5) communicating with the 

melt channel (29a, 29b) of the injection nozzle 
(5) for the first plastic material. 

6. A multi-cavity injection molding system as 
25 claimed in claim 5, characterized in that the 

recesses (27) of neighboring injection nozzles 
(5) are disposed paired opposite to each other, 
and the inclined guide sections (19a) commu- 
nicate symmetrically and in pairs the respec- 
30 five hot runner (19) with the associated, op- 
posite recesses (27) of a pair of related injec- 
tion nozzles (5). 

7. A multi-cavity injection molding system as 
35 claimed in at least one of the preceding claims 

1 to 6, characterized in that the second hot 
runner manifold (6b) comprises a central 
sleeve (22) communicating with a central, first 
pouring opening (20) by means of a first melt 

40 supply passage (21) for the first plastic ma- 

terial defining a passage sleeve for the first 
plastic material for conveying same towards 
. the first hot runner manifold (6a) as well as a 
distributing sleeve for the second and third 

45 plastic materials within the second hot runner 

manifold (6b). 

& A multi-cavity injection molding system as 
claimed in claim 7, characterized in that a 

so second supply passage (57) for the second 
plastic material extends from a second pouring 
opening (25), which is arranged laterally on the 
second hot runner manifold (6b), to the central 
sleeve (22), and that a third supply passage 

55 (58) for the third plastic material extends from 

a third pouring opening (52), which is arranged 
laterally on the second hot runner manifold 
(6b) to the central sleeve (22), in that the first, 
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second and third supply passages (21, 25, 52) 
extend substantially at an angle of 90° relative 
to one another, and in that the central sleeve 
(22) is provided with first and second circum- 
ferential recesses (59a, 59b) which are formed 
separately from each other and which are used 
for connecting the second supply passage (57) 
to the second branched hot runners (24) for 
the second plastic material extending substan- 
tially horizontally therein, and for connecting 
the third supply passage (58) to the third 
branched hot runners (48) for the third plastic 
material, extending substantially horizontally 
through the second hot runner manifold (6b), 
wherein said second and third hot runners (24, 
48) of the second hot runner manifold (6b) 
substantially extends in horizontal, spaced- 
apart planes in such a way that, the second 
hot runners (24) open into axial bores (17) 
lengthening the central melt bores (10) of the 
injection nozzles (5) rearwardly through the 
first and second hot runner manifolds (6a, 6b) 
at a position upstream of the spot where the 
third hot runners (48) open into said axial 
bores (17). 

9. A multi-cavity injection molding system as 
claimed in claim 8, characterized In that the 
circumferential recesses define axially spaced 
circumferential, annular grooves (59a, 59b, 
59d). 

10. A multi-cavity injection molding system as 
claimed in at least one of the preceding claims 
7 to 9, charactlzed In that, the hot runner 
manifolds (6a, 6b) are fixed relative to each 
other and that sealing sleeve disks (13) are 
interposed between said hot runner manifolds 
(6a, 6b), said sleeve disks (13) defining a sec- 
tion of the axial bores (17) lenghtening the 
central melt bore (10) of the respective injec- 
tion nozzle (5) rearwardly through the hot run- 
ner manifolds (6a, 6b), while said sleeve disks 
(13) abut with a slide surface (49) on a front 
end face (50), which forms part of the second 
hot runner manifold (6b) and which faces the 
first hot runner manifold (6a), and that this 
slide surface (49) has provided therein a cir- 
cumferential recess (51a) which is connected 
to the third melt-distributing passage (48) and 
which communicates with the axial passage 
(17), and the end face (50) of the second hot 
runner manifold (6b) has provided therein ah 
annular recess (51b) which corresponds to the 
circumferential recess (51a) and which is con- 
nected to the third hot runner (48) via a vertical 
branch passage (48a). 



11. A multi-cavity injection molding system as 
claimed in at least one of the preceding claims 
7 to 10, characterized in that a sealing 
sleeve (23) is provided between the central 

5 sleeve (22), which forms part of the central 

melt supply channel (21) for the first plastic 
. material, and the first front hot runner manifold 
(6a), said first plastic material is fed through 
said sealing sleeve (23) towards the first, 

70 branched hot runners (19) extending substan- 

tially horizontally through the first hot runner 
manifold (6a) and which connect to melt bores 
(29a, 29b) of the injection nozzles (4) for the 
first plastic material via inclined hot runner 

75 sections (19a), said melt bores (29a, 29b) be- 

ing radially offset with respect to the central 
melt bore (10). 

12. A multircavity injection molding system as 
20 claimed in at least one of the preceding claims 

1 to 11, characterized in that each injection 
nozzle (5) is provided with an insulating flange 
member (7) which is formed integrally there- 
with and which serves to connect the injection 

25 nozzle (5) to the first, front hot runner manifold 

(6a), in that a valve pin guide sleeve (14) is 
provided between the second, rearward hot 
runner manifold (6b) and the back plate ar- 
rangement (1) in the area, of each injection 

30 nozzle (5) for guiding a valve pin (9) which is 

axially displaceable within the central melt bore 
(10) of each injection nozzle (5), and that the 
injection nozzles (5) are connected with the 
guide sleeves (14) together with the hot runner 

35 manifolds (6a,6b) by means of fastening 

screws (8) to establish a structural unit, and 
that the hot runner manifolds (6a,6b) in turn are 
fixed to the cavity plate (3) by means of fas- 
tening screws (47), and that the back plate 

40 arrangement (1) is bolted to the cavity plate 

(3). 

13. A multi-cavity injection molding system as 
claimed in at least one of the preceding claims 

45 1 to 12, characterized in that the melt pas- 

sage in each injection nozzle (5) for the first 
plastic material defines first and second melt 
bores (29a,29b) extending axially through the 
injection nozzle (5) up to a point where they 

so open into a melt reception space (30) in the 

nozzle tip of the injection nozzle (5), and which 
open at the rear face of the injection nozzle (5) 
to connect to the recess (27), that the central 
melt bore (10) for the second plastic material 

55 extends along the central longitudinal axis of 

the injection nozzle (5), and that the valve pin 
(9) accomodated in the central melt bore (10) 
extends through the axial bore (17) lengthening 

15 
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the central melt bore (10) and through the 
valve pin guide sleeve (14) for the reception of 
a rear end (16) of the valve pin (9) in a 
hydraulic actuating means (15) provided in the 
back plate arrangement (1). 5 

14. A multi-cavity injection molding system as 
claimed in claim 13, characterized in that the 
rear end (16) of the valve pin (9) is received in 

the piston (36), which is sealing ly arranged in a 10 
cylinder (39) of the first back plate (1c) of the 
back plate arrangement (1), said cylinder (39) 
being adapted to be independently acted upon 
by fluid pressure at both sides of the piston 
(36), and that a control passage (43) is pro- 75 
vided in the first back plate (1c) which commu- 
nicates with said cylinder (39). 

15. A multi-cavity injection molding system as 
claimed in claim 14, characterized in that the 20 
back plate arrangement (1), apart from the first 
back plate (1c), comprises a second and a 
rear, third back plate (1b,1a), in that the sec- 
ond back plate (1b) which seals the cylinders 

(39) of the first back plate (1c) accomodates a 25 
stop piston (41) which is slideably movable 
within an associated cylinder (40), a cylinder- 
ical stop member (42) of said stop piston (41) 
projecting into the cylinder (39) of the first 
back plate (1c), that the cylinders (40) of the 30 
second back plate (1b) with the stop pistons 
(41) therein are covered by the rear, third back 
plate (1a), which is provided with hydraulic 
control passages (46) for applying a control 
pressure to the stop piston (41), that said sec- 35 
ond back plate (1b) comprising control pas- 
sages (44,45) for applying a control pressure 
to the stop piston (41) and to the reception 
piston (36) for the rear end (16) of the valve 
pin (9) and that the third back plate (1) being ao 
bolted to the cavity plate (3) such that the first 
and second back plates (1b,1c) are included. 

16. A multi-cavity injection molding system as 
claimed in at least one of the preceding claims 45 
7 to 15, characterized in that each injection 
nozzle (5) is provided with a heating element 

(32) which is integrally bonded thereto, said 
heating element (32) extends with a tip end 
(32a) to the nozzle tip of the respective injec- 50 
tion nozzle (5) such that it surrounds an open- 
ing (34) of the central melt bore (10). 
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